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The puipose of this project is the ptudy of sitatlionary potentiael distribu-

¢iome betvesn papalliel plone 2icetron snd ion eniiiing surizces,
& .
i, INFRODMCTION

The subject of “coverasge instabilities” in Caeciun plasma diodes has been
introduced in GBR Ho, 10 together with the basic eguations vhich are believed to
degeribe this phenomenon, In QRR Fo. 11 we have calculated the electron ion
aad etow ewission rates from 2 {ungsien surface in a Caesium atmosphere. Althoug

tae theory of Levimo and ay-l’toponlosl, used in this process, is subject to some
criticisn, it is heiieved tkat it does give at least qualitatively the right
answer, Thercfore it should be adequate to deseribe the basic processes invelved

i the "covorsge instabilities”,
i3, CALCULATION OF THE LC CHARACTEBRISTICS

In this zepori we are caleculating the DU charncieristic of 2 Cacsiun plasma

dicde te fird owi 1T a negative slope is obtained under eertaip eritical condi-
2

tioms, This caleulation follows closcly some eariier work done in this laboratory™’

wiich should be consrlied along with the theozxy outlinsd below,

In Pig. 1 we show s precounceived potential distwibution together with the
corresponding ion and clgciron orbits in their v,x phase gpace. V¥We aim at mzking
this potentisl distribuiicn self consistert with the space charge equation

dB
& = Pp + py =8 jfp(x,v)dv -e j fe(x,v}dv . (1)

Provided the potentiais of collector and emitier are such that ¢, < ¢y < ¢y,
tho ion and electron distzibution furctions obtained by the method described in
Ref. 2 ave given by:
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soroe Fp od ?e axe ihe velocity distrikation functions given at the emistesr:
m -’ va/ak'i‘ 2 e
o P 2 -av /2T (L)
- = e 1
p- Yp ¥ ?“e " Ye iF

with particle emisgion rates Yo and Ye regpectively,
8 is the velocity distz‘ib;:tion functier of the clectrons within the trap

=]

¥, < T <R syzmetric in velocity but otbherwise arxbit=ary. Aud finally we note

B(=) z% (1 + szn x) (5)

is the =it sten function,
2 gemple of the electrcr distribution function fe(z,v) for X, <X < X,
is ghova in Fig. 2. The maximun speed of the returning electrons is given by
v = - (2e !’:};/2 \[é_—_é; end the tzapped clecirons are contained zetween * Yy,
v, = (2e/m) J?E-E'B . It is suggested by the Penrose criterion that such a
doubly~humped velocity diatyibution is unsisble, Since this criterion was derived
for uniferm plasmezs only a2nd exceptions axe known te oxist in monmiform plamss,
#e gre not sure that double strecm instabilities will srise ia the sysiem undex
coxpideration, The "coversge instability” is due to sn entirely different feed~
sack mechanizm and should occur even if the electron {rap is smoothly filled with
electrons suek (hat double stream insigbilitics can defimitoly be excluded,
Proceeding with our snalysis of the DL state we find it convenient to select
the exigin of ¢the ¢, = plot such that tg = o, By = ¢ and measure potentials
in units of kT/e, 7} = eg/KT. Witk this provision the space charge densities,

obtained by performing the integrations indfcated im Eq. (1), are as follows:
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o{x) = e erfe(x) = i% Z(ix) (8)
is the function introduced in Ref, 2, which is related to the functions Ft used
in Ref, 3 by
F'(x) = o(-y&), F(x) = o+ ) (9)

We note that, if the potential well Xp <E < %, is to be filled with electrons
such tkat fe(x,v) is a smooth function of velocity and distance as shown in
Fig. 2 (dashed iine), we must have necessarily Ge = Fe’ in which case the last

three terms in Eq. {7) cancel:

/2 1

we note that for m - 1, large, we have exp(n,) Q(~,ln-nc) - 2 exp(n) so that

1/2

which is also the result of 2 pressure-type analysis; Ve see that, at the posi-
tion of the potential maximum n = Ty the density of the electrons is greatly
increased over that of the emitter, due to the presence of the trapped electrons,
Obviously the results of the DC analysis, the voltage current characteristits,
will depend largely on the amount of electron trapping allowed, which is arbitrazy.
In fact the amount of trapping can be determined only by a large signal RF analysis,



\

Since, within the framework of a DC acalysis, it is a matter of personnal taste
to assume the trap either emply or completely filled with electrons, we prefer
the latter as being closer to statistical equilibrium. With this provision,

collecting Egs. (i}, {6), (10}, the space charge equation becomes:

2 'C
253 e M olsen (2) i) - & e © a(- ) (12)

where

ﬂc<0<n¥,'rgc<n<nM

v )1/2
=212 1
«n 22 (3 -

The distance € = x/) is measured in Debye lengths, defined with the equilibrium

and

ion density at the emitter obtained for N = +o ¢

1/: /2
2 ST 5 e /21<'r3
o = T - (14)
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Humerically we have with & :
’ carsy b=

i/h
n 3 -1/2 3 -1/2 \
= a—) T ( ) T ("5)
p
= 1.0885 x 1070 a2 (%)VH

D = 2.7196 x 10sec™*/2 (°x)'3ﬂ‘

I11. THE COMPUTER PROGRAM

Although Eq. (12) can be integrated once, it was fourd more convenient to
program this differential equation for numerical computation, using the second

order difference operator:

% _ n(e+h) - 2n(E) + n(e-h) (16)
ag® 2
£ h
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ii)

vi)

vii)
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-5 -
essential steps in computing the DC characteristics are as follows:
input data are

o o . o - 1/2 _
T X, T, K, d=3%,-x,cm, W =1.81 voli, (np/m) = kg2.2

From waich the arrival rate of the neutrals is calculated
log pu, = 27.0203%6 - 3’{65/'1'a (Ref. 1, p. 236) .

Pick a value for the degree of coverage ©

and compute Yar Yp? Ye? ’E as shown in QER NKo. 11, as well as «
Bq. (23), A, Ea. (15)

Calcuiate e o In the DC ca2se we have d9/dt = 0 hence By + “p =
YB. + Yp and sO0:
J Y, Y,
1]-=¢fzx-j—p§=‘ﬂn P 3‘&1 _p >0- (17)
P Yo ¥p Ha™Ya

Pick a vaiue for the collector potential N < 0.

Integrate the space charge Eq. (12) from 71 = Ty » § =0 through

values of £ until 7 = 0. The corresponding distance is E <O0.

Thua we find

ix)

(18)

-S.e 50
b Y
Integrate the space charge Eq. (12) from 1 = Ty § = O through posi-
tive values of £ until £ = g . At that point 7; should be equal
to Ne? if not return to Step vi, pick another value for e and
repeat until g1 =1, is true.

A point of the characteristics is thus found. Corrected for contact

potential it is:

e

J=ey e " tey e (19)

Wo) (20)

e
Taper, = e ~ & (Fg = g

To obtain another point of the DC characteristic return to iii, piek
another © sand repeat Steps iv through ix,



iV. T7THE COBXISTENCE OF SURFACE PEASES AND DIFFUSION

¥e note that the range of © 1in this computation is limited by two condi-

ﬂ{a‘l' Ypﬂl.la""\fpzua (21)

if Yo ¥ Yp = Mgy WO ions are reflected By = 0, so Mg = 0, and the maximum
teapersture-limited current j = epp is drawn across the diode. The second
coudition arises from the fact that the ion current drswn across the diode must
he positive thus:
B e(vmr,) = elumy,) 20 (22)

The case By = Yo corresponds to complete space charge limitation and arises
only for large positive potentials Ne which are not of interest here,

The conseguences of these conditions Eq. {21) and (22) are best discussed
by means of Fig, 3. Ir this drawing we exagzerate some of the features of Fig. 2
of QRR Fo. 10, on ion and nemtral atom emission raies obtaired frem a Tungsten
emitter of 1800 °K within a Caesiun atomsphere. For several neutral atom arrival
rates By = “ﬁv we show the r@e of concentration o = Og © allcwed for the
adsorbate due to Eq. (21) and (22). According to these conditions, intersections
of the limes By = congt with the S-shaned curve Y= Y + ‘r’p eorrespond to
ienporeture limitstion and the intersections with Y to full space charge limita-
tion of the ion diode. Wo note that the seguence of states chown in Fig., 3 can
also be obtained by keeping p_ at a fized level (Ta = const) and chenging the
temperature T of the emitter., In this case the S-shaped curve in Fig. 3 shifts
up or down relative to the one selected level of i, depending on whether the
temperature of the emitter is rised or lowered., Taylor and Langmuir's experi-
ment on the evaporation of atoms, ions end electrons from Ceesium films was done
in this fashion. 3In the range Hap > By > W, thice surface phases coexist and
thus the density ¢ = ¢,0 of the Caesium film varies slong the surfsce (y,=z
directions). Diffusion must then be taken into accoumt. With this addition our
rate equation (4) of QBRR Wo., 10 reads:

2 2

do 30, 30O
—dtsu +g~y-y + D | S S (23)

2 P 2 P | ayz 22




where D is the cosfficient of two-dimensional diffusion. Taylor and Langaunir’s
experiment was done under temperature-limited conditions thus, ;;p =0
indspendent of g . A small signel snalysis of Bg. (23):
+ o = + 'h A e eel - --‘
Yat ¥p T YT Vg (ao)J““’a) o @ exp(-st & 1F-5) (&)

then yields the characteristic egusation

s = (%x) + D(E)a (25)
\UT /g
saying that the phase 96, ( 3”*'/?”)5 < 0 1is unstable as long as its dimensions
ezcoed
r ~1/2
i 2L pe ] .gg) ] (26)
el 6

This has already been shown by Langauir.T In fact he blames this instability for
“spontaneous transitions” he observed in the saturated ion current from a filament
the temperature of which was varied.6 To our krowledge the time scale of this
transition has never been reported, but it must be slow if the effect is due to
diffusion.

V. THE FEEDBACE OF IONS FROM THE POTENTIAL HMAXINUM

¥e shall nowinvestigete ihe feodback of ions Zrom the potsontiasl maximum in
front of the emitter to find cut vhether it is a more offective mezns to redistribate
the adsorbate between the surface phases, »

As long as the diode is not tamperature-limited we have By # 0, depending on
the height of the potential mexiemm in front of the emitter. This feedbsck may
lead to instabilities the time scale of which would be of the order of the transit
time of an ion on its way sgairst the decelerating field of the potential mexieum.
As a first check of this idea we have calculated the DC characteristics of a diode,
neglecting the effect of the electrons, Taking Yo = 0, the iterative step 3
aumber vi in the computer prograk can be ignored. In fact the tables of Kieynen
for the thermionic diode conid be used to obiain the voliage current characteristics,
For numcerical purposes data were selected such as to correspond roughly to the

conditions under whieh Dr., Breitwieserg observed his anomalocus cpen circuit voltages.
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Elactron Temperature T = 1800 °g
Ceesiun Temperature T, = h6h.b oz

. 18 -2 -1
Caesium Arrival Rate M, = 8.265 x 107~ em < sec
Emitter Collector Distance d=14 x 103 cm

Critical Densities c°mf§°“df:g Ion ms“i“‘_;
2] v, o2 “sec ®¥p amp-cm
9 = 0.03025 7.731 x 10°° 1.239
8 = 0.05425 6.734 x 1083 1.079
18
0, = 0.079T5 4,595 x 10 0.736
ea' = 0.10640 2.790 x 1018 0. 447

The voltage current characteristics obtained with these data are shown in Fig. .
¥e 2irst notice the three distinct saturation levels associated with the three
sarface pheses O, 86’ 90 respectively. These saturation levels apparently
hrank away et sharp argles from the s2imost ideal Child-Lzngmuir space charge
characteristics, %We did expoct a negative slope of the characteristics near the
point “8" in Fig. 4. Since we could not resolve this vegion due to mumerical
lipitetions of the corputer we made an analytic series development near that
Saturation Point S, the details of which are omitted here, For our example we
found

1/2
v-¥ hLh J-3
8 s )

from vhich we deduce the point of zero incremantal resistance:

v_-v*

3*-3
: = 18.4 x 1070 » =3 S . 12.2 x 100 (28)

k] 8

%’:;,- =0 at:
It was thus found that the region of negative slope is very small., This is shown
in ¥ig. 5, which is a qualitative interpretation of the computed results shown
in ¥Pig. I, At this stage we do not know whether this schort interval of negative
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resistonce V' <V < ?s will lead to instabilities other than those due to
surface diffusion as described by Langmuir. We do kmow, however, that at much
chorter exitter collector distances "d" this region of negative resistance
hocomes subsiantially larger. It is erpoctad that ths addition of elecirouns

Y £ 0 has ghout the ssne efiect as decreasing the distance d., Computations of
the DC characteristics, allowing ior trapped electrons, are pow in progress to

chesk this point,
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PROJECT N254: PLASKA THERMIONIC DIODES
Nstionsl Aeronautics end Spsce Administration Grent NeG 299-63

Precject Lesder: 0, Buncmen
Staff: P. Burger, Gregory Heeth

The purpose of thig project is to study the rsndonization of electron
energies in thermionic dicdes by computer msthods,

The analyeis of ths 1ov pressurs thernionic converter khes bzen completed.
Regsults for the converter cen bhe found in earlier QEES end in em srticle thet
will be published shortly in the Journal of Applied Physics,

We have bezun expanding the present coapitar progra:a (which wae able to
gimulate collisionless plssma diodes) im %iwo directions., First, the eaission
properties of & hot tungstén plate pertielly covered with cesiun are simulated.
Sscondly, elactron-neutral snd ion-aeulral collisions are simulsted by rsadom

processes,

1, Time-Variable Surfrce Baission

In our earlier work with the low pressure thermionic converter the
operstion of the emitter wos ideszlized by essuming comstent spturetion curreants
for electrons (J ) and ions (J ) Since the emitter of the themmionic
converter is a hot tungsten plate pertially covered with cesium, the euission
proporties of the plate are determined by the fractionsl cesgium coversage of the
eaitter. The equations for the emiscsicn ratez of electrons and ions ere given
in QRR Ko. 10, under project 0333,

The functional dependance of the emitted currents on cesium coversge
will not be reproduced here; we will write J_ = Jse(e)’ Ty ™ g . ’8), showing
that functional rel=tionships exist between the currents and 0, the cesium
coverage. The important equation for ocur purpose is the change of coversge in
time, which is given by:

R -clu e mY, -, (1)
vhere cf ig 2 known constant; By and Hy ere the arrival rates of atoms

and fons respectively; and Y&, Y are the evaporation rates of atoms and ions

i
respectively., The arrival rate of atoms is assumed to be & constant, which

deponde only on the pressurse of the neutral cesium gas., The evaporation rates
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c¢f atoms asnd ions ave deizrmined from the existing cesium coverage. (Kote that

Y, = Jsi(e flel] where e} is the electronic charge.) The arrival rate of
icze, determined by the computer simulation procedure, is the number of ion

sheets that reach tke emitisr surlace during ome time step, divided by the
iength of the time step. 2 we call the successive time steps in the computer

aivulation procedurs ti’ t2’ e o« sy t - « » and the time step

n’

8 =t . =t =t,-t ., etc., then in difference eguation form;
e‘tn-t-l) - a&in-lj c Higtn} Jsiktn) (2)
- - (5_; VP e—— Y -
oA€ £V a At a le
(2 ¥
8(t,,y) = 8(t, 1) + 2C, beli ~y ) + 2¢, [ M (2 ) - N(c )] (3)

where li(tn) is the nuzber of ion gheets that arrive at the emitter at time

t , and ni(tn) is the number of lon sheets that ere injected at time &
calculated from the value of the cesium coverage at thiz time, The compiutations
stert with initial ccaditione ©(0) = e(Atj = 0, i.e, the coverage is zero ini-
tiaklly. 8ince the diode is empiy at tke bsginning of the calculations, ¥, =0
similarly, becauss of zero cesium coverage, Y, =N, = 0. From Eq, (3),_ghen,
9(2&3) = ZCfugato At later times the calcuiations of the trajectories of ioans
snd electrons are mode using & siep<by-stcp proccdurs similar to our earlier
computer simulation calcaliations., The numbers of injected ion and electrom
sﬁeatl are determined at every time step froa the given cesiumr covorags. The
computer programs that will execute all these functions are being writtem and
checked at the present,

2. Electron-Neutral Elastic Collisions

~ -Our plan of introducing eloctron-nsuiral elastic collisions into our
nodel is the followirg. An electron gheet is injectsd into the dicde 2t time
t, with velocity ug(ti) in the direction of motion of the shast ard with
veloeity ?L(ti) perpendicular to tho direction of notiog of tho sheet, The
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= ’
perrendicular velocity is ignored as long as the shest moves without making a
t

collicion, At time the sheet suffers a collision., At this time the

c

e ghest i8 0 (tc}, which is not the sam=2 as its
i

-
4

pzraliel velocily of
initisl velocity u (ti), since the sheet was accelerated by slectric fields,
qa X

The perpendicular velecity component has not changed, The energy of the sheet

is proportioncl to the sum of the squared velocities: ua(tc) + gf(ti), which
is ug{tc), the total velocity squared of the sheet at the time of collision,
2 2
t city of a sheet .—_--\f .(t ns
The total velocity zet, u,T(tc un(tc) + g*( 1) s Tremai
conctent during 2 collislicon, The collisicn is assumed to be spherically symmetric

therefore we can express the paralliel velocity of the sheet after collicsion as
ui(tc} =R - uT(tc), where R is a random variable uniformly distributed in
the interval -1 < R =1, Thus, during computations we ob%ain a mumber from
& random sequence of mimbors thai arsc distributed uniformly in this interval
and determine the parallel velocity of the sheet after collision, The perpendi-
cular velocity after the collision is ul(tc) = 1/“$(tc) - [utz<tc)]2 . The
perpendicular veloclity remains a constant for the sheet until the next collision
occurs,

Initial arrangements are being made to introduce the described ecllistion
concept into the computer program of the simulated plasma diode,



